Intraductal neoplasms of the bile duct are macroscopically characterized by exophytic or polypoid growth patterns and have a favorable prognosis. Although some tumors with a predominantly tubular microscopic pattern have been reported, they have not been well characterized clinicopathologically. The purpose of the present study was to compare the newly recognized cholangiocarcinoma with an intraductal tubular growth pattern and cholangiocarcinoma with an intraductal papillary growth pattern and to investigate the pathological and prognostic significance of the former. This study analyzed 161 patients with tumors with exophytic or polypoid growth patterns from a large series of 733 cholangiocarcinoma cases surgically resected from January 1998 to May 2013. The study patients were divided into two groups: those whose tumors showed a predominantly tubular growth pattern (n = 52) and those whose tumors exhibited a predominantly papillary growth pattern (n = 109). Tubular growth pattern was associated with combined vascular resection and the absence of macroscopic mucin. Several histological indexes were significantly higher for the tubular growth pattern than the papillary one, including tubular adenocarcinoma, depth of invasion, microscopic lymphatic invasion, venous invasion, perineural invasion, and necrosis. Although the survival curves overlapped (P = 0.693), the rate of liver metastasis was significantly higher for the tubular growth pattern than for the papillary one (P = 0.012). Genomic DNA analysis focusing on somatic mutations in codons 12 and 13 of KRAS and codon 600 of BRAF revealed only one (4%) KRAS and no BRAF mutation among the 25 tubular cases examined. In conclusion, the tubular growth pattern exhibited differences in some histologic indexes, in addition to a higher hepatic metastasis rate and a lower KRAS mutation frequency, compared with the papillary growth pattern, but no difference in prognosis was observed. The distinctiveness of this tubular neoplasm should be further examined in the future.
Recent studies have shed new light on cholangiocarcinomas with intraductal proliferative elements, including intraductal papillary neoplasm of the bile duct, [1] [2] [3] [4] [5] [6] which was first documented by Nakanuma et al 7 and listed in the 2010 World Health Organization classification. 1 These tumors are mainly subdivided into two groups, with the intraductal growth type accounting for 6-14% of intrahepatic cholangiocarcinomas [8] [9] [10] [11] [12] and the macroscopic papillary growth type accounting for 8-20% of extrahepatic cholangiocarcinomas. [13] [14] [15] Both types are associated with longer survival than conventional cholangiocarcinoma. 8, 9, [16] [17] [18] Intraductal papillary neoplasm of the bile duct is characterized by radiographically and macroscopically visible exophytic or polypoid growth pattern with a predominantly papillary growth pattern by histology and varying degrees of tubular and solid components. However, the definition of intraductal papillary neoplasm remains controversial [1] [2] [3] [4] [5] [6] because of the low number of confirmed cases.
A novel type of biliary intraductal neoplasm characterized by a predominantly tubular growth pattern with a focal papillary component has recently been documented. [19] [20] [21] [22] Park et al 19 in 2010 reported an unusual intraductal tubulopapillary neoplasm of the bile duct and proposed that their case was not adequately categorized under the current biliary tumor classification. Since their initial report, a few single-case and small-series studies have been published. [20] [21] [22] However, with only 14 total cases reported, the clinical distinctiveness of these tumors remains unproven.
The purpose of the present study was to compare this newly recognized cholangiocarcinoma with an intraductal tubular growth pattern to tumors with an intraductal papillary growth pattern to further our understanding of the clinicopathological features and the prognostic significance of the former.
Materials and methods

Patients
This study was approved by the institutional review board. From January 1998 to May 2013, 733 intrahepatic or extrahepatic cholangiocarcinomas were resected surgically at the First Department of Surgery, Nagoya University Hospital. Mucinous cystic neoplasms and papillary lesions of the ampulla of Vater or the gallbladder were excluded. Malignant tumors including combined hepatocellularcholangiocarcinoma, neuroendocrine neoplasms, and sarcomas of any type with intraductal growth were also excluded. We diagnosed 161 patients with prominent exophytic or polypoid growth patterns of the intrahepatic and extrahepatic bile ducts. The macroscopic pattern corresponded to what has been referred to as either the intraductal growth type of intrahepatic cholangiocarcinoma or the papillary growth type of extrahepatic cholangiocarcinoma. The study population included 127 patients with microscopic papillary cholangiocarcinoma examined in our previous study. 2 Combined vascular resection was defined as reconstruction of the portal vein and/or the hepatic artery. Vascular resection was performed only when the vessel adhered to and could not be freed from the tumor during resection of the hepatoduodenal ligament. Even if invasion was suspected preoperatively, the vessel was not resected when it could be freed from the tumor without difficulty.
Pathologic Examination
All surgical specimens were sectioned consecutively into 5-mm-thick sections, which were fixed in 10% formalin and embedded in paraffin. Paraffinembedded blocks were cut into 5-μm-thick sections and stained with hematoxylin and eosin in the usual manner. Formalin-fixed and paraffin-embedded tissue blocks were available in all cases. All histologic slides were retrospectively re-evaluated for the purpose of this study by experienced pathologists.
First, tumors with exophytic or polypoid growth patterns were assessed in detail for the intraductal proliferative components associated with papillary, tubular, and solid patterns. Two authors (YS and TT) measured the percentage of microscopic intraductal tubular/solid components in relation to the intraductal tumor volume (intraductal tubular/solid component percentage). According to this percentage, exophytic cholangiocarcinomas were divided into those with a predominantly tubular growth pattern (n = 52) and those with a papillary growth pattern (n = 109; Figure 1 ). The cutoff intraductal tubular/ solid component percentage was 50%.
The depth of tumor invasion was measured from the basal lamina of the adjacent normal epithelium to the deepest invasive tumor cells. 23 The predominant histologic pattern throughout the tumor was used as the representative histologic type of carcinoma. Hepatolithiasis status was also noted. According to our previous report, 13 superficial spread is defined as noninvasive cancer extension of 420 mm. With regard to the residual disease status, ductal involvement of noninvasive cancer was considered negative because it had no influence on patient survival. 24, 25 The pathologic findings were described using the TNM Classification of Malignant Tumors, 7th edition, published by the International Union Against Cancer. 26 
Immunohistochemistry
One to two representative blocks from each case were subjected to immunohistochemical staining for Ki-67, MUC1, MUC2, MUC5AC, human gastric mucin (HGM), MUC6, p53, CDX2, CK7, CK20, and CK19. These 11 immunohistochemical stains were performed on tissue sections in all of the cases. The staining patterns in the intraductal proliferative neoplasms of the bile duct were separately documented for tubular/solid and papillary components on selected tissue blocks when both components were present. A binary system, positive or negative, was used to evaluate the staining. The cutoff for positive staining was 410% for MUC1, MUC2, MUC5AC, HGM, MUC6, CDX2, CK7, CK20, and CK19, 25% for p53, and 50% for Ki-67.
Analyses of Mutations in KRAS and BRAF
The mutation analysis of the KRAS and BRAF genes was performed by the extraction of genomic DNA from formalin-fixed and paraffin-embedded tumor tissue slides or sections for 25 tumor specimens with a predominantly tubular growth pattern, which were consecutively diagnosed from 2008 until recently. DNA was extracted using a QIAamp DNA FFPE Tissue Kit (Qiagen, Tokyo, Japan) according to the manufacturer's protocol. The scorpion-amplification refractory mutation system method was used for the KRAS gene at codons 12 and 13, and direct sequencing was used for the BRAF gene at codon 600.
For the scorpion-amplification refractory mutation system assay, KRAS mutations in codons 12 and 13 were detected using a TheraScreen KRAS mutation kit (Qiagen) in accordance with the manufacturer's instructions. This assay detects the G12S, G12C, G12R, G12D, G12V, G12A, and G13D mutations in KRAS. Reactions were conducted in a LightCycler 480 System II (Roche Diagnostics, Tokyo, Japan) and analyzed using LightCycler Adapt software v1.1 (Roche Diagnostics).
Segments of the BRAF gene were amplified by PCR using a GeneAmp PCR System 9700 Thermal Cycler (Life Technologies Japan, Tokyo, Japan). The PCR products were visualized using agarose gel electrophoresis with ethidium bromide staining. PCR DNA fragments were directly sequenced using an ABI 3130xl Genetic Analyzer (Life Technologies Japan) according to the manufacturer's instructions.
Statistics
Results are expressed as the means ± s.d. Statistical analyses were performed using the χ 2 test, the Fisher's exact test, and the Mann-Whitney U test, where appropriate. Patient survival was determined from the time of surgery to the date of death or the most recent follow-up. Fourteen patients who died of other causes with no evidence of recurrence were treated as censored cases. Postoperative diseasespecific survival was calculated using the KaplanMeier method. Differences in survival curves were compared with the log-rank test. A value of P o 0.05 was considered to be statistically significant. All calculations were performed using the IBM SPSS Statistics 22 software package (IBM Japan Inc., Tokyo, Japan).
Results
Pathologic Findings of Cholangiocarcinoma with Intraductal Tubular Growth Pattern
Macroscopic findings. Intraductal tubular neoplasms showed prominent exophytic or polypoid growth, forming solid, nodular masses within dilated bile ducts (Figure 2a ). The median tumor size was 3.0 cm in diameter (range, 1.0-8.5 cm). The tumors involved the perihilar bile duct in 28 patients, the distal bile duct in 16, and the intrahepatic bile duct in 8 ( Table 1) .
Microscopic findings. Intraductal tubular cholangiocarcinoma was characterized by intraluminal growth nodules with predominantly or exclusively back-toback tubular glands and a lower degree of papillary components in the bile duct (Figure 2b ). Thirty-eight patients (73%) with predominantly tubular growth pattern showed a mixture of tubular and papillary components, the latter of which occupied at most 40% of the intraductal lesion. Solid areas were also observed in seven patients. The neoplastic cells were cuboidal to columnar with enlarged nuclei and eosinophilic or amphophilic cytoplasm (Figure 2c) . Cytopathologically, high-grade cellular atypia was observed throughout the tumor, whereas low-or intermediate-grade dysplasia was scarce. Histologically, all cases in the tubular group were invasive tubular adenocarcinomas, which were well (13 patients (25%)), moderately (26 (50%)), or poorly differentiated (10 (19%)). The remaining three intraductal tubular cases were diagnosed as mucinous (n = 2) and adenosquamous carcinomas (n = 1). The mean depth of tumor invasion was 8.1 mm (range, 0.1-30 mm). Extensive mucosal extension of the carcinoma without invasive lesions was observed in 21 patients (40%). Three patients exhibited macroscopic luminal mucin secretion, whereas 11 exhibited microscopic mucin production. Necrotic foci were identified in the intraductal component in 28 patients (54%; Figure 2d ). The portal vein and hepatic artery were involved in seven (13%), and three patients (6%), respectively.
Immunohistochemical findings. The immunohistochemical characteristics are shown in Table 2 . The Ki-67 labeling index varied from 2-80%. Of the 52 tubular cases, 34 (65%) stained positively for MUC1. Staining was positive for MUC2 in 5 (10%) and for MUC5AC in 24 (46%) patients. All tumors expressed CK7 and/or CK19, supporting ductal differentiation.
Molecular studies. Abnormal expression of p53 was examined using immunohistochemistry. Overexpression of p53 was detected in 15 patients (29%) and was more common in extrahepatic cholangiocarcinoma (15/44, 34%) than in intrahepatic cholangiocarcinoma (0/8, 0%; P = 0.050). Somatic mutation in KRAS (G12D) was found in only one patient (4%), and no BRAF mutations were detected.
Clinicopathological Features of Cholangiocarcinoma with Intraductal Tubular Growth Pattern and Papillary Growth Pattern
A comparison between 52 tubular cases and 109 papillary cases is shown in Table 1 . In our cohort of 52 tubular cases, 37 cases were male and 15 were female. The age range was between 41 and 93 years with a median age of 67 years. The majority of the patients (n = 31, 60%) presented with symptoms including jaundice (n = 19, 37%), abdominal pain (n = 8, 15%), fever (n = 3, 6%), and weight loss (n = 1, 2%); however, 21 patients (40%) who had liver dysfunction or were diagnosed incidentally by CT or US performed for other reasons were asymptomatic.
The most common resection was left-sided hepatectomy followed by right-sided hepatectomy in both types of tumors. Both tumor types were usually located in the perihilar bile duct. All of the tubular and papillary cases except for three of the latter had a component of invasive carcinoma. There were no significant differences in age, gender, tumor size, tumor location, T classification, portal vein invasion, hepatic artery invasion, lymph node metastasis, distant metastasis, residual status, or hepatolithiasis between the two groups. Intraductal tubular cholangiocarcinomas were characterized by a higher percentage of combined vascular resection than papillary ones (25% vs 10%, P = 0.013), lymphatic invasion (56% vs 39%, P = 0.039), venous invasion (25% vs 12%, P = 0.035), perineural invasion (63% vs 40%, P = 0.006), and necrosis (54% vs 29%, P = 0.003). The depth of tumor invasion in the tubular type was significantly greater than that in Intraductal tubular cholangiocarcinoma the papillary type (P = 0.003). In the tubular group, macroscopic mucin secretion was significantly less common than in the papillary group (6% vs 18%, P = 0.033). The rate of superficial spread for the intraductal tubular growth pattern was comparable to the papillary one (40% vs 47%, P = 0.445).
By immunohistochemical staining, the frequencies of positive MUC1, MUC2, HGM, MUC6, CDX2, CK7, CK20, and CK19 expression in patients with a predominantly tubular growth pattern were similar to those with papillary one ( Table 2 ). The rate of positive MUC5AC in the tubular type was lower than the papillary type, although this difference was not significant (P = 0.067). The Ki-67 labeling index and overexpression of p53 showed no significant differences between the two groups (P = 0.582 and P = 0.853, respectively).
Survival Analysis of Patients with Cholangiocarcinoma with Intraductal Tubular Growth Pattern and Papillary Growth Pattern
The median post-surgical follow-up period was 83 months (range, 20-206 months) for all the 161 patients with exophytic growth patterns. Their disease-specific survival rate was 77% at 3 years and 68% at 5 years. The median survival was 118 months after resection among these patients. During the follow-up period, 55 patients died of tumor recurrence, 14 patients died of other causes with no evidence of tumor recurrence (pneumonia, n = 4; cerebral infarction, n = 2; pancreatic cancer, n = 1; lung cancer, n = 1; laryngeal cancer, n = 1; hepatocellular carcinoma, n = 1; anaplastic anemia, n = 1; perforation and bleeding of duodenal ulcer, n = 1; suicide, n = 1; and senility, n = 1), 17 patients were alive with recurrent disease, and the remaining 75 patients were alive without disease. The 52 patients with an intraductal tubular type were followed for a median of 79 months (range, 25-206 months). The 3-and 5-year disease-specific survival rates in the tubular group were 78% and 70%, respectively. There was no significant difference in disease-specific survival between the two types (P = 0.693; Figure 3 ). In our series of tubular lesions, 23 patients are still alive without any evidence of cancer recurrence and 24 patients had postoperative recurrences, including 15 patients with liver metastases, 8 involving other sites, and 1 with unknown sites. The rate of recurrence in tubular cases was similar to that in papillary cases (46% vs 44%, P = 0.801). However, the rate of liver metastases in the tubular group (15 of 23 cases with known recurrent sites, 65%) was significantly higher than in the papillary group (15 of 45 cases, 33%; P = 0.012).
Discussion
To the best of our knowledge, the current study is the first to compare the clinicopathological features and prognosis of cholangiocarcinoma with an intraductal tubular growth pattern and cholangiocarcinoma with a papillary growth pattern in patients with exophytic or polypoid cholangiocarcinoma. Furthermore, there have been few reports on KRAS and BRAF mutations in cholangiocarcinoma with intraductal tubular growth.
Among 161 patients with resected cholangiocarcinoma with exophytic or polypoid growth patterns, 52 were categorized as cholangiocarcinomas with a predominantly tubular growth pattern, which were characterized by tubular adenocarcinoma, deeper tumor invasion, microscopic lymphatic invasion, venous invasion, perineural invasion, the absence of macroscopic mucin, and necrosis (Table 1) . No differences were found in the expression of immunohistochemical stains between the intraductal tubular type and the papillary type ( Table 2 ). The 5-year survival rate for patients in the tubular group was comparable to that in the papillary group (70% vs 68%, P = 0.693; Figure 3) . However, the rate of liver metastases in tubular cases was significantly higher than in papillary cases (P = 0.012). These metastases may be related to microscopic venous invasion, the rate of which was significantly higher in the tubular group than in the papillary group (P = 0.035; Table 1 ). These findings suggest that intraductal tubular cholangiocarcinomas may be somewhat different from papillary ones. However, our sample size is too small to draw any definite conclusions.
Increasing interest has been focused on intraductal papillary neoplasms in pancreatobiliary diseases. In the bile duct, according to the present World Health Organization classification, 1 intraductal neoplasms are classified into biliary intraepithelial neoplasia and intraductal papillary neoplasm of the bile duct, which have been proposed to represent two individual precursor lesions preceding invasive cholangiocarcinoma. Biliary intraepithelial neoplasias are flat or low-papillary lesions with varying degrees Intraductal tubular cholangiocarcinoma of cellular atypia, and they are recognized microscopically. 27, 28 They are known to progress to conventional cholangiocarcinoma with invasion into the ductal wall and to express MUC2 partially and MUC5AC widely. 4, 5, 29 Conversely, intraductal papillary neoplasms of the bile duct are composed of macroscopically visible, intraductal papillary projections, which have grossly visible mucin secretion in one-third of cases, and which display four types of epithelium: pancreatobiliary, intestinal, gastric, and oncocytic. Intraductal papillary neoplasms express MUC2 and MUC5AC widely. [3] [4] [5] In the present study, cholangiocarcinomas with an intraductal papillary growth pattern were predominantly intraductal papillary neoplasms of the bile duct. However, the clinicopathological features of cholangiocarcinoma with an intraductal tubular growth pattern appear to be substantially different from biliary intraepithelial neoplasia and intraductal papillary neoplasm of the bile duct. Thus, this tumor does not pertain to any categories in the current biliary tumor classification.
In 2010, Park et al 19 reported an unusual intraductal tubulopapillary neoplasm of the bile duct with lung metastasis. Zen et al 22 also described two cases of intraductal tubulopapillary neoplasms of the bile duct in association with peribiliary cysts, which had wild-type genotypes for KRAS and BRAF. Katabi et al 20 subsequently reported 10 cases of intraductal neoplasms showing a predominantly tubular growth pattern, defined as having 450% tubular/solid architecture, with a papillary component. We also attempted to stratify exophytic cholangiocarcinomas into those with a predominantly tubular growth pattern (n = 52) or a predominantly papillary one (n = 109), depending on the intraductal tubular/solid component percentage, similar to Katabi et al. 20 Our data were generally in accordance with the findings previously documented in their case series with some differences. The similar points are briefly summarized as follows: (1) the appearance of a macroscopically solid nodular tumor obstructing dilated ducts; (2) intraductal tubular growth with a focal papillary component; (3) uniform high-grade atypia throughout the neoplasm; (4) occasional foci of necrosis; and (5) ductal differentiation as indicated by CK7 and/or CK19 expression. The differences are as follows: (1) no visible mucin secretion (macroscopic mucin production was observed in three patients in our study); (2) absence of MUC2 and MUC5AC (positive MUC2 and MUC5AC expression was found in 5 and 24 patients, respectively, in our study); and (3) no overexpression of p53 (overexpression detected in 15 patients of our series). These discrepancies might be related to our inclusion of heterogeneous tumors into the tubular group. It has also been speculated that a novel type of biliary intraductal neoplasm with a predominantly tubular architecture may be analogous to intraductal tubulopapillary neoplasm of the pancreas. 30 This issue should be clarified in the future.
In our study, a few genetic analyses were performed. Immunolabeling for p53 protein was found in 15 of 52 tubular cases (29%). Moreover, genomic DNA was analyzed for somatic mutations in codons 12 and 13 of KRAS and codon 600 of BRAF in 25 of the 52 patients with the intraductal tubular type. Both KRAS and BRAF are members of the RAS-dependent mitogen-activated protein kinase pathway, which mediates cellular responses to growth signals. 31 KRAS belongs to the RAS family that encode guanosine-5′-triphosphate-binding proteins as an effector of ligand-bound EGFR. BRAF encodes a serine-threonine protein kinase that is a downstream effector of activated KRAS. Somatic mutations in KRAS were found in only one patient (4%), and no mutations in BRAF were observed. In previous studies, biliary intraepithelial neoplasia and conventional cholangiocarcinomas have shown mutation rates of 13-59% in KRAS 32-36 and 0-22% in BRAF. 33, 34, 36, 37 Intraductal papillary neoplasm of the bile duct has exhibited mutation rates of 18-46% in KRAS, 38, 39 but there are no reports on BRAF mutations. KRAS mutations have been occasionally found in biliary intraepithelial neoplasia, intraductal papillary neoplasm of the bile duct, and conventional cholangiocarcinomas, but they have been rarely observed in cholangiocarcinomas with an intraductal tubular growth pattern. The frequency of KRAS mutations in intraductal tubular cholangiocarcinomas appears to be much lower than in other cholangiocarcinomas. These data may highlight some differences in the molecular oncogenesis between these neoplasms, and they suggest potential targets for molecular diagnosis and therapy of cholangiocarcinoma. Further molecular analyses will be required.
The present study has some limitations. First, it was retrospective and involved a rather limited number of patients. Second, it remains controversial whether intraductal tubular growth pattern and papillary one constitute a continuous spectrum or whether they represent heterogeneous subgroups of exophytic growth patterns with different tumorigenesis. Further studies with a larger number of cases are needed to explore these issues.
In conclusion, cholangiocarcinoma with a predominantly tubular growth pattern is an uncommon cancer of the bile duct with an intraductal exophytic growth pattern, representing 7% of all resectable cases. Intraductal tubular cholangiocarcinoma shows differences in some histologic indexes, in addition to a higher hepatic metastasis rate and a lower KRAS mutation frequency, but it has a similar prognosis compared with papillary one.
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